I ntestinal anastomosis is a key technical procedure of gastrointestinal surgery. It is traditionally fulfilled by hand-sewn method. However, new procedures have been developed such as the biofragmentable anastomosis ring, stapling devices, tissue glue, and laser anastomosis. [1] [2] [3] [4] [5] [6] [7] They are more or less imperfect or clinically infeasible. 8 As such, we developed a new procedure of colonic anastomosis with a degradable stent. This stent and procedure were proved simple, feasible, and safe in our porcine model. 8 Furthermore, they were proved feasible in sutureless primary repair of a colonic perforation. 9, 10 Before application in humans, this procedure needs further evaluation for its impact on the intestinal physiologic functions.
We have preliminarily applied this stent to the colonic anastomosis. In this study, we sought to investigate whether our procedure would impair the colonic physiologic functions, especially the digestion and nutrition status, colonic mobility, and the colonic mucosa barrier.
METHODS

Animals
We used 20 experimental mini pigs (Runzhuang Agricultural Science and Technology, Shanghai, China) of either sex, weighing from 21 to 24 kg (mean weight 21.6 kg). All animals were allowed to become accustomed to the laboratory environment for more than 1 week before the start of the experiment, and they had free access to water and standard food until the day before surgery. All procedures were carried out by the same surgeon. This study was approved by the Ethics Committee of the College of Medicine, Zhejiang University.
Degradable stent
The stent ( Figure 1 ) is manufactured by Hangzhou Sunstone Technology Co., Ltd. It is synthesized with polyglycolic acid, which is widely used as an absorbable surgical suture. Polyglycolic acid finally decomposes into carbon dioxide and water in the enteric lumen. Our previous experiment showed that this stent would definitely stay in situ and keep intact within 7 days after implantation. After that, it would decompose and was defecated between the 14th and 21st day.
Experimental design
The 20 pigs were assigned randomly to either a stent anastomosis group (SA, n=10) or a conventional anastomosis group (CA, n=10). Preoperatively, they were fasted for 24 hours and fed 5% magnesium sulfate to clean the colonic lumen. After anesthetizing by an intramuscular injection of ketamine (5 mg/kg) and xylazine hydrochloride (5 mg/kg), in the SA group, colonic anastomosis by degradable stent was performed as described before. 8 Briefly, an 8-10-cm section of ascending colon was dissected and cut off at the middle. The polyglycolic acid sutures (Vicryl 3-0, Johnson & Johnson, NJ, USA) were used as binding lines, entering the colonic mesentery at about 5-10 mm to the cut edge on each side. After disinfection, a stent was inserted into the colonic lumen with accurate tissue apposition. Then the binding lines were tied to fix the colon to the stent. Finally, the cutting edges were approximated with one to three additional sutures. Meanwhile, in the CA group, the conventional hand-sewn anastomosis was performed. Additionally, for both groups, percutaneous ileostomy was performed with a nasogastric feeding tube (Flocare, NUTRICIA, Holland) at the terminal section of ileum. The tubes were tunneled subcutaneously to the left chest region, where they were exteriorized and fixed to the skin. The pigs were given normal standard food since postoperative day (POD) 2. The pigs in each group were further randomly divided into two subgroups (n = 5) for killing on PODs 14 and 30, respectively. The whole layer specimens of colon, which were immediately adjacent to the stoma, were obtained before anastomosis and when killed. The specimens were stored at -80°C freezer or 10% formalin, respectively, for different further use.
Body weight and fecal weight
For each pig, the body weight on the day before operation and on PODs 7, 14, and 30 were measured before their first feeding of that day. The feces of each pig were also collected and weighted, respectively, on the day before operation and on PODs 7, 14, and 30. In case of error, the consecutive 3-day feces were weighted, and the mean values calculated.
Total colonic transit time
A volume of 50 ml of Evans blue marker (2.5% Evans blue, 1.5% methyl cellulose) was injected through the ileostomy.
The pigs were checked every half hour to see if they had evacuated the dark blue feces. The time interval between the injection of the marker and the defecation of the dark blue feces was calculated. This time interval was used as an approximation of total colonic transit time.
Immunohistochemistry staining of interstitial cells of Cajal (ICC)
The tissue samples of colon harvested previously were immersed in 10% formalin for 6 hours at 4°C. The embedded tissue was sectioned at 3 μm thickness and then the tissue section was mounted on glass slides. For the c-kit staining, tissue sections were incubated with 0.3% Triton X in 10% normal donkey serum for 60 minutes and then incubated with the goat anti-c-kit polyclonal antibody (Santa Cruz, CA, USA) at room temperature for one hour. Next, we applied a biotin-free polymeric horseradish peroxidase (HRP)-linked antibody conjugate system for 20 minutes followed by DAB-condensed chromogen for five minutes. For negative control experiments, the primary antibody was omitted. The mast cells were taken as internal positive controls, which were also c-kit positive and can be distinguished morphologically. Images were randomly captured along the axis of myenteric plexus with microscope (Eclipse 50i, Nikon, Japan) at 200× magnification. Two tissue sections were mounted per tissue sample and four images were captured per tissue section. Integrated optical density (IOD) was measured with the Image-Pro Plus 6.0 software (Media Cybernetics, MD, USA). The IOD value of each sample was expressed as the total value of eight images.
The plasma diamine oxidases (DAO) levels
Blood samples were collected through the vena cava anterior before operation and on PODs 3, 7, 14, and 30. The plasma DAO levels were determined using porcine DAO ELISA Kit (Lianshuo Bio-technology, Shanghai, China) as described by the manufacturer.
Western blotting analysis of tight junction proteins and occludin
For 5-mg piece of tissue sample, 400 µl lysis buffer (20 mmol/L Tris pH 7.5, 150 mmol/L NaCl, 1% Triton X-100, 2.5 mmol/L sodium pyrophosphate, 1 mmol/L EDTA, 1% Na 2 CO 3 , 0.5 µg/ml leupeptin, and 1 mmol/L phenylmethanesulfonyl fluoride) was added rapidly to the tube. The tissue samples were then homogenized with an electric homogenizer and maintained at constant agitation for 2 hours at 4°C. After centrifugation at 12 000 ×g for 30 minutes at 4°C, the supernatant was collected. Protein concentration was determined by the bicinchoninic acid method. The supernatant containing 20 µg of protein samples was loaded on a 12% of SDS polyacrylamide gel for electrophoresis and transferred onto PVDF transfer membranes (Millipore, MS, USA) at 2.0 mA/cm 2 for 90 minutes. Membranes were blocked at room temperature for 2 hours with blocking buffer (Beyotime, Jiangsu, China). Blots were incubated overnight at 4°C with primary antibodies for occludin (ABCAM, Cambridge, UK) at 1:400 dilution in TBST and for 2 hours at room temperature with HRP-labeled goat anti-rabbit secondary antibody (Beyotime) at a dilution of 1:1 000 in TBST solution. Chemiluminescence signals were generated by the addition of the Chemiluminescence Detection Kit (Biological Industries, Israel) and detected by ImageQuant LAS 4000 Mini digital imaging system (GE Healthcare, NJ, USA). Band intensities were expressed as densitometric values using multi-gauge V3.11 (Fujifilm,Tokyo, Japan). The densitometric values of single samples were normalized against the values of their pre-surgery samples. β-actin was used as a loading control to confirm that all the samples loaded evenly.
Statistical analysis
For statistical analysis, an independent sample Student's t-test or analysis of variance was used when suitable. These tests were performed using SPSS v20.0 (IBM, IL, USA) and a P-value less than 0.05 was considered statistically significant.
RESULTS
During our observation period, there were no deaths, and no particular complications (such as anastomotic leakage, abdominal abscess, stricture, volvulus, or intussusceptions) were detected. No obvious diarrhea or constipation was observed in all pigs. A V-shaped curve was obtained for body weight and fecal weight values. For body weight, no significant difference between the two groups was detected at any time. Yet the fecal weight was less in the CA group on POD 7 (P = 0.001, Figure 2 ). No observable colonic paralysis or retention occurred. The total colonic transit time was stable from POD 7 to 30. There was no significant difference between the two groups at any time or among different time points in the same group (Figure 3 ). The IOD of ICCs showed no significant difference on either POD 14 or 30 ( Figure 4 ). The plasma DAO levels were remarkably elevated after surgery and began to decrease since POD 3. However, there was no significant difference between the two groups in plasma DAO levels at any time either ( Figure  5 ). For both groups, the expression of occludin was not significantly different from their pre-surgery level on either POD 14 or 30 ( Figure 6 ).
DISCUSSION
The main physiological functions of colon are absorption of water and electrolytes, storage of non-digestible remnants of food, and aboral propulsion of colonic contents. 11 Also, the colon serves as an intestinal mucosa barrier to resist the pathogens of the enteric cavity.
It is well established that water absorption is mainly fulfilled by the right colon and a net volume of 1.5 L water is absorbed per day by humans. 11 Malfunction of colonic absorption would lead to symptoms such as diarrhea or constipation, and finally to malnutrition. In this study, we assessed the fluctuation of body weight and fecal weight to evaluate colonic absorption. Our current result demonstrated that stent anastomosis was not inferior to the conventional way in colonic absorption function and nutrient status of pigs. As there was no obvious diarrhea or constipation observed around POD 7, the difference in fecal weight on POD 7 could possibly be due to less voluntary intake by the pigs of CA group around POD 7. However, the degree or duration of that alteration may not be potent fecal weight (B) after colonic anastomosis. The values were normalized against pre-surgery values for both groups. The pre-surgery body weight and fecal weight were similar between the two groups. No significant difference between the two groups was detected at any time after the surgery, except the fecal weight on POD 7 ( * P <0.01). enough to impair the overall nutrient status.
Meanwhile, as an inflexible structure, the stent before decomposition is legitimately suspicious to interrupt the colonic peristalsis and propulsion. In terms of that, we directly assessed the total colonic transit time by calculating the time intervals during which the digestion passes through the whole colon. Our results indicated that the stent has no adverse effect on the colonic transit.
The efficacy of colonic mixing and propulsion activity is closely correlated to the frequency, amplitude, and duration of the contractions. 12 The ICCs, one of the main regulators of gastrointestinal motor function, coordinate the frequency and direction of smooth muscle contraction by generating rhythmic electrical depolarizations (slow waves) and relaying information from enteric neurons to smooth muscle cells. 13 ICCs are found decreased after intestinal surgery near the site of anastomosis and their recovery course in numbers and microstructure lasts for over 5 months. 14 The decrease in ICCs caused by surgery is speculated to be involved in short-term disruption of gastrointestinal motor functions in animal models. 15 Our result showed the recovery course during the first month after surgery, but without any significant difference between the two groups at either POD 14 or 30.
It has been shown that multiple factors could weaken the intestinal mucosa barrier structure and function, such as trauma, sepsis, operation, radiation, and pancreatitis. 16 The DAO is a sensitive indicator of intestinal integrity and maturity, and high plasma DAO level represents the impairment of the intestinal mucosa. 17, 18 The curve of plasma DAO level in our study demonstrated an impairment and recovery course of colonic mucosa barrier after surgery, but neither group showed any advantage compared to the other. The stent anastomosis procedure can theoretically minimize the damage to the submucosal vascular plexus and mesenteric vessels, which may lead to preferable epithelium conservation. 8 The absent advantage of the stent anastomosis procedure can be explained as follows: for such a single colonic anastomosis in our experimental set, the impairment of mucosa might be insignificant and narrowly localized. The application of this stent in more complicated conditions (such as intestinal leakage or ileus) needs to be evaluated.
Furthermore, we assessed one important component of The values were normalized against pre-surgery values for both groups. The pre-surgery DAO level was similar between the two groups. The peak of plasma DAO level appeared around POD 3 and restored to the pre-surgery level around POD 14 in both groups. There was no significant difference between the two groups at any time. tight junction, the occludin. Tight junction is one of the crucial structures which constitute the paracellular barrier in intestinal mucosa. It exchanges substances between the internal and external cellular environment selectively. 19 Occludin is a functional component of the tight junction. 20 Overexpression or impairment of occludin would elevate transepithelial resistance or paracellular leakage of small molecular mass, respectively. 20, 21 Also, the occludin expression is found decreased in circumstances such as intestinal mucositis, radiation, and intestinal ischemic injury. [22] [23] [24] In our study, for the occludin expression, there was barely a difference between pre-surgery and postsurgery and between the two groups. Because of the limit in animal number, we did not investigate the occludin expression during the early stage after surgery.
According to these results, this procedure with a degradable stent was supposed to be the same as the conventional hand-sewn procedure in their impact on colonic physiologic functions. This is a pre-clinical experiment and these results will provide a basis for further clinical researches.
